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Coherent IR radiation in SR with fsec e-beam

J
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® fsec e-beam radiates coherently at A <A = 2TO
A, = 18 pm for 10 fsec RMS e-beam duration

® Intensity of IR radiation in proportional to N./u—bunch
N, = 6:10° for 1 pC charge/bunch (~ 5 pa/bunch)
i.e. mWs of SIR become kWs of CIR

® What is needed - stable fsec e-bunches in SR

=> suppression of microwave and CSR instabilities

=> large number of p—bunches (~ 20,000)

=> low orbit compaction factor |@¢ < JS/(CUE / E)

=> strong longitudinal focusing for compress the bunches
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The key for e concept of CSR IR source sourceisreate
and to sustain electron bunches with fesetond duration in
the storage ring.

The dection bunchesn the nodernstoage ingstypically haveRMSduraton of
tensto hundred ofpsecThe easorbehindthebunchlenghenirg andthegrowth
of the errgyspred iswell known- it is the nicrowave irstablity caued bythe
longitudinal wée-fieldsand ly coheentsynchiotron radation. The doninant
obstaleis the wale field @auseddy cdherentsynchotronradation Thecoheent
synchotran radation cases whe-fields(to be exact,theforward fieldg exeeding
thosecaugd byvacuun cramberby manyordes of magitude Corsequeny, the
effectiveimpedane & nuch krgerfor sub-pcoseond éecton bemsthanfor
tradtional ensef-picosecad beans.In moden staageringsthelongtudinal
focusng cbes ot phy ary significantrolein the cevelopnentandsatuation of
microwaveinsiability as ndicaed bypopubr Boussard criterion which isidenticd
to theKeil-Schndl criterion deivedfor a coatedbeam i.e.for the @se wihout
longitudinal focusig. This dfectcan beexphinedby the we&nessof longiudinal
focusng in exsting sbragerings, n oher wods hatQ<<1, whee is the tine @
synchotron oscllations
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Concept of Strong
Longitudinal Focusing (SLF)*

A~ —~_. RF Microwaveinstabilty is due to ke Fi&d

{ \ -> enegy spreadnd bunchength gowth
\
\

\ N\ Peak Curnet threshold o 2mE . of
\\\ \} (Boussard'Criterion) gz n) OE O
\\ /I . “‘hrfac rf
—— Low synchraton tune: g f.|

Fast MWinstabilty: TV 2
Q ~0.001-0.01<<§,,,

Strong longitudinal focusing with Q, ~ 1 suppresses microwave instability !!! |

* V.N.Litvinenko, “On a Possibility tdSupress Microwave Instability in Stoeagings using Strong Lgitudinal
Focusing”, Proc. of ICFA Workshomd\onlinear and Collective Phemena in Beam PhysicsArcidossg Italy,
September B; 1996, AIP Confence Proceedings 395997 275
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. Strong Longltudmal Focusing

Boussard <Criterion does g 5 g maZMaC.  _ 1
not work for: 2E/le A 1™ & f
V
Si =8 +8.C8,15,,, =0, m—m—@w%
RF _ . )
V. (s) =eV,sin(k,s+¢,) +ev,sinks
Smallsynchrotroroscillatons: [X= gﬁ

D 1 aC C
- s_E-E. M/ceII: ff _ eVrf[
s=v(t-t,(2);0= : s D-k, 1-k,a.C—r
&, E, TR L

= 2mQ;;co(Hy/ M) = Tr[My e ] =1 KfaCZED B, =a.Clsin(u,/ M).
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Q;~1

Requires either astronomical voltagenfra regular RF system
OR
Short wavelength RFread inverse mm-FEL

The strength of thiengitudinal focusing is propaonal to the
value ofdV/dt, i.e.the use of 0.25-1 m RF wavelength
enhances the focusing by three ordemmafnitude compared
with conventional RF systemBo getQs = 0.31 witha mm-
wave RF systemfor the Duke storage ring with £ =1 GeV, C
=107.46 m, =3-10-3, it is sufficient to provide a voltage of:

\/rf [ MV] IjArf [mm]
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strong longudinal focusing &s many
advantages: an example

Full Energy
Booster-Injectc

Broad band
incoherent ar
coherent IR

Soft X-rays

Hard X-ray
Compton sourc

to KECK Bld
deep-UV, VUV,
X-rays, gamma-rays

Broad band Broad band
incoherent an incoherent ar
coherent IR coherent IR
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An example of theverse
FEL RF system

mm-Wave CW FEL
Recirculator

O e-bean

Compton
X-rays

Compton X-ray sour(

mm-wave FEI

High K wigglel

mm-RF syster
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CW mm-wave FEIRe-circulato

Energy n FEL,Ee [MeV] 4-8
Peak cuent inthe FEL A 10- 20
FEL waveéngth,mm 025-1
Number ofpasses 2-4
Pulses repate [MHz] 28-22
Average kam cuaent, A 0.05 -01
Normalizd emitance[t mmmrad 50
Wiggler period,cm 10, 12
Wiggler gap, o0 (M) 5
Number ofperiods 10

Kw 0.5-2
FEL gan, % (ypical) 10-20
FEL efficiency,% 1-3
Energy reovery #iciency, % ~95
Average FE power kW 1-10
Peakintrecavity power,GW 01-1
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Average Powe ~2 kW

Wavelagth rang 3-6.2um
Micropulseenergy up to D J
Pulse legth 0.5-1.7ps
PRF [MHz] 74.8537.425, 1&
Bandwidth 0.3-2%
Amplitude jitter <10% p-p

Optical
system

Dump

FEL BEAMLINE

e” recirculation heam line
© G. R.Neil et al PRL2000
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Coherent Sgnclwo{mn Radiation in Slorﬂge Rings

o
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P[MW] 0300V, 2[MV] @™ / N,,

Helical electromagnetic wiggleoif mm-RF system
Total length [ 3.0
Number of periods: 3
Period A, [m] 1.0
Aperture [cm] 16
Magnetic field kGs] 0-5
Ky 0-46.5
Maximum current 2.0 kA
Number of turns pepole: 2x10
mm-RF voltage [MV] 0.95- 3
2at P, = 100MW;P atP,., .= 1GW
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Strong Longitudinal Focusing

Small synchrotron oscillations:
_ C
S smus

- ‘\ S= \ gsﬁs COS‘»US;(S = _m(snws w aS COS(,US)

Shortest
bunch
length RF RF

|
> Z
V
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IFEL mm-wave RF

* Provide canpensatio for hug SCR wake
deake ‘dvff

* Non-linearty of the synchrabn oscilation
stabilizeCSR micro-wavénstabilty

167T°’EE% |
eZ(o,) a. C

| ek ~
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E For fsec e-bunches Coherent SR wake-field is muig

Wake field of dampinging CSR wake field for e-beamith
Note: scale is in V! Duration of 33$ec RMS
Note: scale is in MV!

Coherent SR
G g= 10 microns
600 .
j =
200 0.2 ! 3 16
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2
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Stability Criteria for fsec e-buneb

“* With strong longudinalmm-wavefocusing, the nicro-waveinstabiity
can besuppressed bye-coherece (Ladau daming) caised by th
anharmoitity of thesynchrotroroscillaions. The approxnatecriteria
for thethresholdbf micowave insbility for fsecbunches i@*:

e 4TTE Q. _ O
Pk eZ(0,) a, CIA%

3

_16mE Q 0’ |, _16mE Q g

|
PR eZ(M) a, cm e eZ(o,) a, C

* V.N.Litvinenkg O.A.Shevcheko "Physics of femtosecond electron beams in storage
rings", in preparation
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Advanced system

« Advance sgtem has sh@-bunchonly in
few places whe it is needd

» The intgrated CSRvake-field redces and

the largeibunch caents can & compressed
to fsec duation

» This modds attairable in aing where
low-a is the resulof alterrating sign of n-
function
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Longitudinal disprsion
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Strong Longitudinal Focusing

Small synchrotron oscillations:

A BS

7 T
(1 \F;
\
\
\\

- ‘ -
Bunch isshort invery

few bendng magnts

/
\_—’/

> lessCSR wake-fit RF RF
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Numerical Simulations

wa3*T\Wo conputercodesor simuations:Electonsarerepresentel bymacopartcles The
typicalnumberof macropaticles N, used m racking rames fom5,000to 10,000 A
macoparicle is descibedby its energy,longtudinal positon, transverg pogions and
monenta.Eachmacopaticle istracked br alarge nunberof turns.On eachium it
interactswith RFcaviies magneic lattice, wakefelds, and coferentsyndirotion
radation Themagopaticle isal® subgctedto quantun fluctuatiors ofthesynchotron
radationandradigion dampng cefining he natiralenegy speadand he burch length.
The $andad longitudinalwakefield andthefield of coheent gynchrdronradiaion are
calwlatel asthedired sum ofthefields nducecby individualmacrogrticles
To reduceshotnoise weassumad hat echmacropaticle isa Gaissia clusterwith RMS
lengh of 1 um (3fsec). The wakéeld iscakulaed ina rumberof locaions(i = 1,m; mis
from 1 to16)aroundthearcsandthe eergykick is applied toeachmacroprticle
depenthg m its lacation inthebunch.After pasingthearcs,eachmaropaticle irterads
with RF sysem This pocessdescrbed ly thefollowing equaibns,is repeagéd eah tun:

. . . . . s, -
sh=sh+a Con/m; &% =35 Eﬂl—fd/m)—%+A65R/\m;{i =1m};

Ny : eV, (s™
W (S) = g ZVV)(S: §+1n); O™ = 06" — - ( n)
N2 E,
OCtOb\e/rlazd;-nzugr I;(;:)/lznesl;; CA Coherent Sgnclwolmn Radiation in Slorage Rﬁngs
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Parameters used for trackiofjlongitudinal dynamics

Stanard @raneters

Electonbeamenery, GeV 0.75
Circunferencem 107.46
Radiusof curvatire,m 2.1
Revoldion frequency MHz 2.78
Frequaecy d standardRF,MHz 178
Voltage, sandad RF,kV 700
Naturl erergyspread 0.043%
Losseger urn,kV 12.4

Variable mraneters
Focusing A=0.2541 nm) RF, GHz 300-1,200

Voltage, bcushg RF,MV 0-2
Orbit conpactbn factor o 8.6103-1 10°
Max numbe of mago paticles 20,0®
Numbe of turms 0-20,0®
Interactonswith weke pe tum 40
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Time structue for
a CSR IR source

AAAAAAAAAAANR AAAANAAAAAAN AAAAAAAAAAANR
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v

~ 100 fsec micro-bunches
500 MHz RF Per 500 MHzeparatrix

<

\ 4

~ 3um RMS

Sub-m
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: kW CSR IR ring source
»” . Circumfeence -50 m Energy ~0.5-1 GeV
mm-wave ~ 0.25mm Number nain bunbes ~ 100

Number ofu-bunches 40¢ Beam arrent ~60 mA
e-bunch dration~ 10 fsec
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Conclusions

» A compact GR IR sourcavith kW lewel of
power is feasile

 Significant part @ the cost (~@%) will bein
the mm-wave EL for advaeed RF systa
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